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@ Polymer supports and method for the preparation thereof. 



@ The invention concerns a polymer support of 
with highly accessible reactive groups onto 
which desired functional groups or metals can 
be attached, said polymer support comprising a 
polymer material which is grafted with reactive 
gnDups suitable to bind the functional group or 
metal to be loaded. The polymer material is 
encompassed in a bag made of meshed fabric 
which is tight enough to essentially prevent the 
escape of the polymer material firom the bag. 
Furthermore, the invention relates to a 
functionalized polymer support and to a pro- 
cess for its preparation. The invention also 
concerns a product useful as an intermediate in 
the preparation of the polymer support 
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FIELD OF INVENTION 

This invention relates to a polymer support with 
highly accessible reactive groups encompassed in a 
meshed fabric onto which desired functional groups 
or metals can t>e attached, a functionallzed polymer 
support and a process for its preparation. The inven- 
tion further relates to a product useful as an inter- 
mediate for the preparation of the polymer support. 

A polymer support in the form of a felt-bag is ex- 
tremely easy to handle and can further be functional- 
lzed for tailored applications, e.g. for use as a polymer 
support for reagents and catalysts in organic reac- 
tions and reactive separations. The most advanta- 
geous feature of a polymer support in the form of a 
felt-bag is the ease of separation: The felt-bag can 
manually be removed from a reaction solution, which 
stays free from suspended catalyst particles during 
and after the reactions. Furthermore, the felt-bag can 
be prepared in several forms and with desired 
amounts of loaded reagent, which is very important 
for use in organic syntheses. A polymer supported re- 
agent prepared in this way is especially suitable for 
use in batch applications e.g. in small-scale laborato- 
ry work, but it can also preferably be used in contin- 
uous flow processes. 

BACKGROUND OF THE INVENTION 

The idea of using polymers as supports for cata- 
lysts has been known since the late 1950's and the 
polymers used as supports have mainly been cross- 
linked polystyrene or polyvinylpyridine based materi- 
als. Reagents supported on crosslinked polymer ma- 
trices have many advantages compared with low-mo- 
lecular weight species, like ease of separation, reuse 
of catalysts, adaptability to continuous flow process- 
es, reduced toxicity and odor. The main disadvantag- 
es with these crosslinked reagents are higher cost, 
lower reactivity due to diffusional limitations and 
greater difficulty of analysis of the supported species 
and impurities. Furthermore, they are mostly in the 
form of powders which always have to be filtered from 
the reaction media (Hodge, P.. Sherrington, D. C, 
(Eds.), Synthesis and separations using functional 
polymers, John Wiley & Sons, New York, (1988); 
Ford, W. T., (Ed.), Polymeric reagents and catalysts, 
American Chemical Society, Washington, DC, 
(1986)). 

A polymer support used in a particular application 
should fulfill a number of important functions simul- 
taneously. First, the support must possess the correct 
mechanical properties. For example, in column or 
batch applications, supports must be mechanically 
strong to resist compression and fraction into fine 
particles. Secondly, the support must possess the 
correct physical structure in order to ensure that a 
high amount of the functional groups in the material 



are accessible to the reaction phase. Finally, the sup- 
port must provide the correct microenvironment to op- 
timize the process being carried out, e.g. it must pro- 
vide the correct polarity, hydrophilicity, microviscosi- 

5 ty etc. In general, these support requirements have 
been demanded by default rather than by careful ar- 
gument and design (Guyot, A., Reactive Polymers. 
16, (1992), 233). 

A useful method for preparing polymer bound re- 

10 actants, with a potential of solving many of the prob- 
lems mentioned above, is grafting and, especially, ra- 
diation grafting offers promising new opportunities 
(Hartley, F. R., J. Polym. Scl., Polym. Chem. Ed., 20 , 
(1982), 2395; Garnett, J. L, J. Polym. Scl., Polym. 

15 Lett, 19, (1981). 23; Akelah, A., J. AppI, Polym. Sci., 
28 , (1 983), 31 37). This method involves taking a poly- 
mer with appropriate morphology and physical prop- 
erties and Introducing reactive sites, free radicals. 
Into the polymer chain by irradiation. The free radicals 

20 can either combine to give cross-links, as is the case 
of, for example, polyethylene, or cause chain scis- 
sion, as in the case of, for example, polypropylene. In 
the presence of vinyl monomers, on the other hand, 
the free radicals can initiate graft copoiymerization. 

25 The preparation of graft copolymers and the use 

of graft copolymers In a variety of different applica- 
tions are well known both In the scientific literature 
and patents (Stannet, V. et al., Radiat. Phys. Chem., 
35,(1990)). 

30 Three different methods of radiation grafting 

have been developed and most of the work has con- 
centrated on the use of low dose rate gamma rays 
from ®°Co sources. During the past few years, how- 
ever, there has been much Interest in using high en- 

35 ergy electrons from accelerators with high dose rates 
(106-10^ rads/sec), since these high dose rates make 
radiation chemical processes commercially more at- 
tractive. The chemistry involved is, however, similar 
whether gamma or electron radiation Is utilized, and 

40 therefore the graft resulting from different sources 
does not significantly differ. The three methods of ra- 
diation grafting that have received special attention 
are: (1) direct radiation grafting of a vinyl monomer 
onto a polymer (mutual grafting), (2) grafting on radi- 

45 ation-peroxidized polymers (peroxide grafting) and 
(3) grafting initiated by trapped radicals (pre-irradia- 
tfon grafting). 

The mutual grafting by irradiating the polymer in 
the presence of the monomer is a fairly simple and ef- 

50 fective method, since the free radicals initiate poly- 
merization immediately as they are generated. The 
disadvantage of this method Is, however, that simul- 
taneously with the graft copoiymerization, homopoly- 
merization of the monomer occurs upon irradiation. 

55 When grafting radiation-peroxidized polymers, 

the polymer is first irradiated in the presence of oxy- 
gen, thus forming peroxides and hydroperoxides that 
are stable and can be stored In the polymer for a long 
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period of time. Grafting is activated by cleavage of the 
peroxides or hydroperoxides by heat, UV-llght or cat- 
alysts in the monomer solution. 

The pre-inradiation grafting by irradiation of the 
polymer alone in an inert atmosphere and immersing 
the irradiated polymer in a monomer solution requires 
additional steps in comparision to direct grafting, but 
the advantage is that only a small amount of homopo- 
lymer is formed, mainly by a chain transfer process. 
The grafting process is controlled by the diffusion of 
the monomer into the polymer and can to some extent 
be facilitated by the use of solvents that are able to 
swell the formed graft copolymer. 

Pre-irradiation grafting is mostly prefenred since 
this method produces only small amounts of homopo- 
lymer in comparison to mutual grafting. 

SUMMARY OF THE INVENTION 

One object of this invention is to provide a poly- 
mer support with highly accessible reactive groups 
encompassed in a meshed fabric onto which desired 
functional groups or metals can be attached. 

Another object of the invention is to provide a 
f unctionalized polymer support. 

Another object of the invention is a process for 
the preparation of a f unctionalized polymer support. 

A further object of the invention is a product use- 
ful as an intermediate for the preparation of the poly- 
mer support. 

Particularly, one object of the present invention is 
a process for the preparation of a polymer support 
with high accessibilty of active sites and ease of han- 
dling. This polymer support is obtained by pre-irradia- 
tion grafting of vinyl monomers onto polymer felt- 
bags, in particular onto felt-bags made of polyolef ins, 
and subsequently functionalizing the obtained felt- 
bags with different reagents, e.g. such as transition 
metals. Such metal-loaded graft copolymers find use 
especially as catalysts, e.g. for hydrogenation and ox- 
idation reactions. 

Finally, one object of the invention is to provide a 
felt bag that also can be prepared from f unctionalized 
fibers, especially of functional ized polyolef in fibers, 
then forming the f unctionalized fibers into a felt, and 
subsequently encompassing this felt into a meshed 
fabric. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 to 3 show a schematical view of the lay- 
ers of the polymer support, hot-sealing the layers to 
form the polymer support and the release of pressure 
from the polymer support formed. 

Figure 4 shows schematically the irradiation of 
the polymer material enclosed in the bag. 

Figure 5 shows schematically the immersion of 
the irradiated polymer material. 



Figure 6 is a schematical view of the attachment 
of a functional group to the polymer support. 

Figure 7 shows the extent of grafting of acrylic 
acid onto polyethylene fiber felts as a function of re- 
5 action time at a reaction temperature of 40''C and 70 
% aqueous acrylic acid for different total radiation 
doses (▲ = 50 kGy, • = 100 kGy. ♦ = 200 kGy). 

Figure 8 shows the extent of grafting of acryla- 
mide onto polyethylene fiber felts as a function of re- 
10 action time at a reaction temperature of 40^0 and 30 
% aqueous acrylamide for different total radiation 
doses (A = 50 kGy, • = 100 kGy. ♦ = 500 kGy). 

Figure 9 shows the extent of grafting of 4-vinyt- 
pyridine onto polyethylene fiber felts as a function of 
15 radiatbn dose at ambient temperature. The reaction 
time was 6 h. 

Figure 1 0 shows the extent of grafting of vlnyl- 
benzylchloride onto polyethylene fiber felts as a func- 
tion of reaction time at ambient temperature and with 
20 a radiation dose of 200 kGy. 

Figure 11 shows the extent of grafting of acrylic 
acid onto polypropylene (A) and polyethylene (•) 
non-woven fabrics as a function of radiation dose for 
a reaction temperature of 70''C, a reaction time of 8 
25 hours and a monomer concentration of 70 % aqueous 
acrylic acid. 

Figure 12 shows the extent of grafting of 4-vinyl- 
pyridine onto polypropylene (A) and polyethylene (•) 
non-woven fabrics as a function of reaction time at 
30 ambient temperature and with a radiation dose of 500 
kGy. 

DETAILED DESCRIPTION OF THE INVENTION 

35 The invention provides a polymer support with 

highly accessible reactive groups encompassed in a 
meshed fabric onto which desired functional groups 
or metals can be attached, said polymer support com- 
prising a polymer material which is grafted with reac- 

40 tive groups suitable to bind the functional group or 
metal to be attached. The polymer support is charac- 
terized in that the polymer material is encompassed 
in a bag made of meshed fabric which is tight enough 
to essentially prevent the polymer material from es- 

45 caping or coming out from the bag. 

According to a preferred embodiment, the poly- 
mer material is, for example, a polyolef in or fluorine 
containing polyolef ine, particularly a homo- or copo- 
lymer of ethylene or propylene or a fluorine containing 

50 ethylene or propylene. 

The polymer material is preferably formed into a 
felt by needle punching several fibrous layers, or into 
a nonwoven fabric by hot-sealing. Preferred fiber 
lengths range from 1 mm to 120 mm. The use of fi- 

55 brous fabrics instead of pellets or the like is preferred 
because fibers combine acceptable surface area, 
good mechanical strength, easy handling and optimal 
mass transport through the fabric. 
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The reactive group is preferably a double bond 
containing substance. Most preferably, the reactive 
group Is a compound selected from a group of mono- 
mers consisting of a carboxylic acid, acrylate, acryl- 
amide, vinylpyridine, phosphonic acids and styrene 
derivatives. Preferred carboxylic acids are for exam- 
ple acrylic acid, methacrylic add, Itaconic acid and 
maleic acid. Examples of preferred acrytates are hy- 
droxyethyl acryiate, glycidyi methacrylate and 2-(dime- 
thylamino)ethy!methacrylate). Examples of preferred 
phosphonic acids are vinyl phosphonic acid and 1-(vl- 
nylphenyl)propane-2,2-(bisphosphonlc acid). Prefer- 
red styrene derivatives are for example styrene, vinyl 
benzyl chloride, m-isopropyl-a,a-dlmethyl benzyl Iso- 
cyanate and vinyl benzyl imino diacetic acid. 

The meshed fabric is preferably a non-woven fab- 
ric based on an organic polymer. In this case the bag 
can also be grafted and loaded with functional groups 
or metals. 

The Invention further provides a functional ized 
polymer support In which a functional group or metal 
is attached to the reactive group of the polymer sup- 
port according to the invention. The metal is for exam- 
ple palladium or ruthenium, and the functional group 
can for example be a desired reagent. 

The Invention further provides a product useful 
as Intermediate In the preparation of a polymer sup- 
port acconjing to this invention, which product com- 
prises a polymer material to which can be grafted re- 
active groups suitable for attaching functional groups 
or metals, said polymer material being encompassed 
in a bag made of meshed fabric which is tight enough 
to essentially prevent polymer material from escaping 
out from the bag. 

The Invention further provides a process for the 
preparation of a functionalized polymer support com- 
prising the steps of 

a) exposing the polymer material to radiation in 
an Inert atmosphere, 

b) immersing the irradiated polymer material In a 
monomer or aqueous monomer solution of com- 
pounds selected from the group consisting of a 
carboxylic acid, acryiate, acrylamlde, vinyl pyri- 
dine, phosphonic acid and a styrene derivative; 

c) separating the resulting graft copolymer ob- 
tained in step b), and 

d) functionalizing the product separated in step c) 
with a reagent useful to attach a desired function- 
al group or metal to the polymer support charac- 
terized in that the polymer material is encapsulat- 
ed into a shell of a meshed fabric to form a closed 
bag either 

I) before the polymer material is exposed to radi- 
ation in an inert atmosphere, or 
ii) after the separation according to step c) above, 
or 

ill) after the functionalizing according to step d) 
above. 



In case also the meshed fabric Is based on an or- 
ganic polymer that should be grafted It is practical to 
encapsulate the polymer in the meshed fabric before 
the radiation. 

5 On the other hand a grafted bag material does not 

exhibit as good strength properties as untreated ma- 
terial. In case bags with high mechanical strengths 
are desirable, then it is preferable to encapsulate the 
polymer material after the grafting step. 

10 More specifically the invention relates to a proc- 

ess which comprise the steps of 

- encapsulating fiber felts of organic polymers 
into a shell of non-woven fabrics of organic 
polymers by hot-sealing, (Figure 1 to Figure 3), 

15 - exposing the felt-bag prepared as described 

above to radiation in an Inert atmosphere, (Fig- 
ure 4), 

- immersing the Irradiated felt-bag in a monomer 
or aqueous monomer solution selected from 

20 the group of carboxylic acids, acryiate, acryla- 

mlde, phosphonic acid, vinylpyridine and styr- 
ene derivatives e.g. vinylbenzylchloride, (Fig- 
ure 5), 

- separating the resulting graft copolymer, and 
25 - f u nctlonalizing the formed graft copolymer felt- 
bag with desired reagents, (Figure 6). 

Referring to the drawings, reference number 10 
indicates the polymer felt to be surrounded by the 
non-woven shells 11. Pressure is applied by a press 

30 20 at a temperature of 190°C and a polymer support 
1 3 is obtained. Figure 4 shows schematically the irra- 
diation of the polymer support 13. The polymer sup- 
port 13 is placed In an electron accelerator 21 and 
subjected to an electron beam 23 from a linear cath- 

35 ode 22 in an Inert atmosphere. Figure 5 shows sche- 
matically the immersion of the irradiated polymer sup- 
port. The polymer support Is placed in a reaction ves- 
sel 24 containing a monomer solution the surface of 
which Is indicated by reference number 17. Nitrogen 

40 gas is let into the monomer solution via the tube 25 
to remove dissolved oxygen. Reference number 18 
indicates the nitrogen gas bubbles. Figure 6 is a sche- 
matical view of the attachment of a functional group 
to the polymer support. The functional graup 16 is at- 

45 tached onto the grafted side chain 1 5 attached to the 
polymer chain 14. 

It should be noted that the shape of the felt-bag 
is not to be limited to a square, but it can also be ob- 
tained in any other form e.g. rectangular, circular or 

50 cylindrical or as a web. 

The supports prepared according to the invention 
exhibit many feasible properties, such as having non- 
crossllnked grafted side chains, the possibility of ach- 
ieving a very high capacity, i.e. high extent of grafting, 

55 as well as high accessibility if the grafted copolymer 
is allowed to swell in a suitable solvent The graft co- 
polymers obtained usually combine both excellent 
chemical resistance and mechanical strength, and a 
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great advantage is the ease of separation from the re- 
action solution. 

The organic polymers used in the preparation of 
the felt-bags are selected from the group of polyole- 
fins and are thus polymers from a-olef ins. Particular- 5 
ly preferred polyolef Ins are homo- and copolymers of 
ethylene and propylene. 

The process according to the invention thus com- 
prises a first step of encapsulating fiber felts into 
shells of nonwoven fabrics by hot-sealing. The felt- io 
bag obtained by this way is then irradiated with elec- 
trons (or any other form of ionizing radiation) from an 
accelerator under a inert atmosphere (<300 ppm O2) 
using a radiation dose dependent on the sample 
treated. The irradiated felt-bags are then immersed in is 
the previous mentioned monomer- or aqueous mono- 
mer solutions at appropriate temperatures, and graft 
copolymer felt-bags, modified with different amounts 
of the earlier mentioned monomers, can be prepared 
by varying the reaction time, reaction temperature 20 
and the concentration of monomer in the graft solu- 
tion. 

If fu notional ized fibers are to be used for the 
preparation of the fiber felts, they will be irradiated 
and functlonalized according to the process descri- 25 
bed above and then formed into fiber felts with a wet- 
laid non-woven technique. After this the functlonal- 
ized fiber felts can be encompassed in a meshed fab- 
ric according to Figures 1 to 3. 

It is necessary to remove in advance any dis- 30 
solved oxygen from the graft solution by purging the 
solutions with nitrogen, since oxygen readily inhibits 
the progress of the grafting recations. The resulting 
graft copolymers are e.g. Soxhiet extracted with wa- 
ter or chloroform to remove any unreacted monomer 35 
and homopolymer. The grafted felt-bags are then 
usually dried to constant weight in an oven. The extent 
of grafting is determined according to 

(m, - mo) •100 . . X r.. 

^^-^ — = extent of grafting (%) 

rrio 40 

mo = weight of original sample 

mi = weight of grafted sample 

The temperature of the graft solution can be var- 
ied in the range of -20 to -i-200*'C, but the graft reac- 
tion is more easily controlled In the temperature 45 
range of 20 to 50**C. 

After grafting, metal ions or desired reagents are 
loaded onto the graft copolymer. If the graft copoly- 
mer is dried after the grafting step, the graft copoly- 
mer is swollen prior to loading with e.g. a metal, pre- so 
ferably by keeping It In a suitable solvent such as wa- 
ter, overnight in order to achieve a maximum swelling. 
A water solution of e.g. a suitable transition metal salt, 
such as chloride salt, is added and the mixture is stir- 
red. The resulting metal loaded graft copolymer is ex- ss 
tracted, such as Soxhiet extracted, with water to re- 
move any unbound Ions, and dried. 



The amount of metal In the polymer can be deter- 
mined e.g. by repeated extraction with 1 M hydrochlo- 
ric acid followed by direct current plasma emission 
spectroscopy (DCP) analysis of the extract. 

The invention is explained more in detail by the 
following examples, but it should be noted that the In- 
vention Is not to be limited by these examples. 

Example 1a 

Preparation of felt-bags 

Five layers of 40 ^m thick and 40 mm long poly- 
ethylene fibers were needle punched together form- 
ing a 160 g/m2 felt. A 1 .5 cm * 1 .5 cm piece of this felt 
was encompassed in a 20 g/m^ non-woven fabric by 
hot-sealing according to Figures 1 to 3. 

Example 1 b 

Grafting of acrylic acid onto polyethylene felt-bags 

Polyethylene felt-bags (1.5 cm * 1.5 cm, 160 
g/m^) were irradiated under a nitrogen atmosphere 
using an Electrocurtain® electron accelerator, oper- 
ating at 175 kV, to a total dose of 200 kGy. The irra- 
diated felt-bags were Immediately Immersed In 70 
vol-% acrylic acid aqueous solutions, which were 
purged with nitrogen In advance for at least 30 min- 
utes. The temperature of the graft solution was 70''C. 
Different graft copolymers were obtained by varying 
the acrylic acid concentration and the reaction time. 
When the reactions were stopped the grafted felt- 
bags were Soxhiet extracted with water overnight to 
remove any monomer or homopolymer present and 
the extent of grafting was calculated as described 
earlier. The extent of grafting as a function of reaction 
time is presented in Figure 7. 

Example 2 

Grafting of acrylamide onto polyethylene felt- bags. 

Polyethylene felt-bags prepared according to Ex- 
ample la (1 .5 cm * 1 .5 cm, 160 g/m^) were irradiated 
under a nitrogen atmosphere using an Electrocur- 
tain® electron accelerator, operating at 175 kV, to a 
total dose of 500 kGy. The irradiated felt-bags were 
immediately immersed in 30 wt-% acrylamide aqu- 
eous solutions, which were purged with nitrogen in 
advance for at least 30 minutes. The temperature of 
the graft solution was 40°C. Different graft copoly- 
mers were obtained by varying the radiation dose and 
the reaction time. When the reactions were stopped 
the grafted felt bags were Soxhiet extracted overnight 
to remove any monomer or homopolymer present and 
the extent of grafting was calculated as described 
earlier. The extent of grafting as a function of reaction 
time is presented in Figure 8. 
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Example 3 

Grafting of 4-viny! pyridine onto polyethylene felt- 
bags. 

Polyethylene felt-bags prepared according to Ex- 
ample 1a (1 .5 cm • 1 .5 cm, 160 g/m^) were irradiated 
under a nitrogen atmosphere using an Electrocur- 
tain® electron accelerator, operating at 175 kV. The 
irradiated felt-bags were immediately Immersed in 
neat4-v(ny1pyridine. which was purged with nitrogen 
In advance for at least 30 minutes. The grafting reac- 
tions were carried out at ambient temperature. Differ- 
ent graft copolymers were obtained by varying the ra- 
diation dose. When the reactions were stopped the 
grafted felt-bags were Soxhiet extracted with chloro- 
form overnight to remove any monomer or homopo- 
lymer present and the extent of grafting was calculat- 
ed as described earlier. The extent of grafting as a 
function of radiation dose is presented in Figure 9. 

Example 4 

Grafting of vinyl benzylchloride onto polyethylene felt- 
bags. 

Polyethylene felt- bags prepared according to Ex- 
ample 1a (1.5 cm * 1.5 cm, 160 g/m^) were irradiated 
under nitrogen atmosphere using an Electrocurtain<5> 
electron accelerator, operating at 175 kV, to a total 
dose of 200 kGy. The irradiated felt-bags were imme- 
diately immersed in neat vinylbenzylchloride, which 
was purged with nitrogen in advance for at least 30 
minutes. The reactions were carried out at ambient 
temperature. Different graft copolymers were ob- 
tained by varying the reaction time. When the reac- 
tions were stopped the grafted felt-bags were Soxhiet 
extracted with chloroform to remove any monomer or 
homopolymer present and the extent of grafting was 
calculated as described earlier. The extent of grafting 
as a function of reaction time is presented in Figure 
10. 

Example 5 

Grafting of acrylic acid onto polypropylene or poly- 
ethylene non-woven fabrics and the subsequent en- 
compassment in a bag. 

Polypropylene and polyethylene non-woven fab- 
rics ( 4 cm • 7 cm, 20 g/m^) were irradiated under a 
nitrogen atmosphere using an Electrocurtain® elec- 
tron accelerator, operating at 175 kV. The irradiated 
fabrics were immediately immersed In 70 % acrylic 
acid aqueous solutions, which were purged with nitro- 
gen in advance for at least 30 minutes. The tempera- 
ture of the graft solution was 70*'C. Different graft co- 
polymers were obtained by varying the radiation 
dose. When the reactions were stopped the non-wov- 
en fabrics were Soxhiet extracted with water over- 
night to remove any monomer or homopolymer pres- 



ent and the extent of grafting was calculated as de- 
scribed earlier. The extent of grafting as a function of 
radiation dose is presented in Figure 11. Finally the 
grafted fabric was encompassed in a non-grafted 
5 polyethylene non-woven fabric according to Figures 1 
to 3. 

Example 6 

10 Grafting of 4-vinylpyridine onto polyethylene or poly- 
propylene non-woven fabrics and the subsequent en- 
compassment in a bag. 

Polyethylene and polypropylene non-woven fat>- 
rics (4 cm ♦ 7 cm, 20 g/m^) were irradiated under a ni- 
ts trogen atmosphere using an Elect rocurtain® elec- 
tron accelerator, operating at 175 kV, to a total dose 
of 500 kGy. The irradiated no n woven fabrics were im- 
mediately immersed in neat 4-vinylpyridine, which 
was purged with nitrogen in advance for at least 30 
20 minutes. The reactions were carried out at ambient 
temperature. Different graft copolymers were ob- 
tained by varying the reaction time. When the reac- 
tions were stopped the grafted non-woven fabrics 
were Soxhiet extracted with chloroform overnight to 
25 remove any monomer or homopolymer present and 
the extent of grafting was calculated as described 
earlier. The extent of grafting as a function of time Is 
presented in Figure 12. Finally the grafted fabric was 
encompassed in a non-grafted polyethylene non- 
30 woven fabric according to Figures 1 to 3. 

Example 7 

Preparation of a polymer supported palladium cata- 
35 lyst. 

1 g of a non-woven fabric prepared as in example 

5 was allowed to swell in distilled water overnight. To 
the swollen non-woven fabric was added 0.1 6 g PdCt2 
in distilled water. The mixture was stirred for 48 hours. 

40 After this the palladium loaded fabric was separated, 
rinsed with water, Soxhiet extracted with water for 24 
h and finally dried. The amount of palladium in the fab- 
ric was determined by repeated extraction with 1 M 
hydrochloric acid followed by DCP analysis of the ex- 

45 tract. The amount of palladium was found to be 0.91 
mmol Pd/g fabric. 

Example 8 

50 Preparation of a polymer supported ruthenium cata- 
lyst. 

1 g of a non-woven fabric prepared as in example 

6 was allowed to swell in distilled water overnight. To 
the swollen fabric was added 0.48 g RuCIa in distilled 

55 water. The mixture was stirred for 48 h. After this the 
ruthenium loaded fabric was separated, rinsed with 
water, soxhiet extracted with water for 24 h and finally 
dried. 
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Example 9 

Preparation of a polymer supported palladium cata- 
lyst. 

0.68 g of a non-woven fabric prepared as in ex- 
ample 6 was allowed to swell in distilled water over- 
night To the swollen fabric was added 0.24 g PdCl2 
in distilled water. The mixture was stirred for 48 h. Af- 
ter this the palladium loaded fabric was separated, 
rinsed with water, Soxhiet extracted with water and fi- 
nally dried. The palladium loading was calculated to 
be 2 mmol Pd/g fabric. 

Example 10 

Preparation of a polymer supported chromium re- 
agent. 

Anon-woven fabric prepared as in example 6 was 
added to a solution of chromium trioxide in water and 
left stirring at ambient temperature for 18 h. After this 
the fabric was washed repeatedly with water until the 
filtrate was colorless. The fabric was thereafter ready 
for use or dried for storage. 

Example 11 

Oxidation of benzyl alcohol with a polymer supported 
chromium reagent. 

A polymer supported chromium reagent, 0.61 g, 
prepared as in example 10 was swelled in water prior 
to use. The fabric was then blotted dry and transfer- 
red to a vessel containing 4 ml cyclohexane. 0.55 
mnrK)l of benzyl alcohol was added and stirring was 
continued at70**C. After 1 h of stirring 99 % of the ben- 
zyl alcohol had been converted to benzaldehyde. 

Example 12 

Oxidation of 2-butene-1.4-dlol with a polymer sup- 
ported chromium reagent. 

A polymer supported chromium reagent, 1.82 g, 
prepared as in example 10, was transferred to a ves- 
sel containing 20 ml distilled water. 2-Butene-1 ,4-diol 
was added to the vessel and left stirring for 56 hours 
at ambient temperature. 2-Butene-1,4-diol was con- 
verted to 2-furanone and no other by-products were 
detected by gas chromatography. 

Example 13 

Hydrogenation of 1-octene catalyzed by palladium 
loaded poly[propylene- graft- acrylic acid] non-woven 
fabric. 

Before use the palladium loaded polymer, pre- 
pared according to example 9, was treated with hy- 
drogen in order to reduce palladium (II) to palladium 
(0), by suspending it in methanol and passing hydro- 
gen gas through for two hours. 



The hydrogenation of 1-octene was carried out In 
a 100 ml round-bottomed flask. The vessel was ther- 
mostatted to 30 ^'C, provided with a magnetic stirrer 
and connected to a gas burette that maintained the 

5 reaction at constant 1 atm. hydrogen pressure. In the 
reaction vessel 0.12 g of the dried palladium catalyst 
and 45 ml of methanol were placed. Stirring was start- 
ed and the air In the system was displaced by repeat- 
ing the process of evacuating and flushing with hydro- 

10 gen three times. Finally, an adequate amount of hy- 
drogen gas was stored in the gas burette, and the 
mixture was stirred 30 minutes to saturate the solu- 
tion with hydrogen. The stirring was stopped and 5 ml 
of a 0.995 M 1-octene solution in methanol was inject- 

15 ed into the reaction vessel. The reaction was initiated 
by starting the stirrer. The stirring speed was 1000 
rpm. The progress of the hydrogenation was followed 
by recording the hydrogen uptake vs. time. The initial 
rates of the hydrogenation was calculated from the 

20 slope of the amou nt of hydrogen absorbed versus the 
reaction time. The catalyst was easily recovered by 
manually removing the fabric from the reacting mix- 
ture and was reused after washing with methanol. 
The catalyst was reused several times with simitar re- 

25 action kinetics. The half life of the hydrogenation re- 
action was found to be 10 minutes. The reaction rate 
was found to be 9.2 ml H2 per second and gram of Pd. 

Example 14 

30 

Hydrogenation of 1-octene catalyzed by a palladium 
loaded poly[propylene- graft- 4-vlnylpyridlne] non- 
woven fobric. 

0.12 g of the polymer bound catalyst, prepared 

35 according to examples 6 and 9, was used for the hy- 
drogenation of 1-octene. The hydroge nations were 
carried out in accordance with example 13. The cat- 
alyst was easily recovered by picking up the fabric 
from the reaction solution and was reused af ter wash- 

40 ing with methanol. The catalyst was reused several 
times with similar reaction kinetics. The half life of the 
hydrogenation reaction was found to be 9.9 minutes. 

Example 15 

45 

Derivatlzing a poly[ethylene- graft- vinylbenzylchlor- 
ide] felt-bag with bis(phosphonic acid). 

In a flame dried two-necked flask, equipped with 
a dropping funnel and protected with nitrogen gas, 

50 100 ml of dry toluene and a poly[ethylene- graft - 
vinyl benzylchloride] felt- bag was placed. The poly- 
ethylene felt-bag was prepared according to example 
4 ( m= 0.3368 g, 0.00148 mol CI). The sodium salt of 
tetraethyl ethane-1,1-bisphosphonale was prepared 

55 in the dropping funnel by reacting sodium hydride 
(NaH) with tetraethyl ethane- 1,1 -bis phosphonate. 
0.0022 mol of the prepared salt was introduced to the 
reaction mbcture and stirring was started. The reac- 
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tion was continued under protective gas for two 
weelcs at ambient temperature. The felt-bag was 
washed several times with a 9/1 THF/water solution 
to remove NaCi and dried In vacuum to yield 0.4505 
g polyethylene felt- bag supported bisphosphonate. 
The bisphosphonate ester was converted to the free 
acid form by hydrolysis in concentrated hydrochloric 
acid. 

Example 16 

Preparation of acrylic acid grafted polypropylene or 
polyethylene fibers and the subsequent encompass- 
ment of the grafted fibers in a meshed fabric. 

Polyethylene or polypropylene fibers (140 cm 
long, 1 0-200 mm thick) were in^adiated under a nitro- 
gen atmosphere using an Electnscurtain'^ electron 
accelerator, operating at 1 75 keV, to a total dose of 
200 kGy. The irradiated fibers were Immediately Im- 
mersed in a 20 w-% acrylic acid aqueous solution, 
which was purged with nitrogen In advance for at least 
30 minutes. The grafting reactions were performed at 
ambient temperature. Different graft copolymers 
were obtained by varying the reaction time and the 
extent of grafting was calculated as weight Increase 
of the sample. Washing was done with water to re- 
move any monomer or homopolymer and then dried 
to stable weight before the weight increase was cal- 
culated. Finally the grafted fibers were encompassed 
in a non-grafted polyethylene non-woven fabric ac- 
cording to Figures 1 to 3. 

Example 17 

Preparation of styrene grafted polypropylene or poly- 
ethylene fibers, sulfonation of these, and the subse- 
quent encompassment of the grafted fibers Into a 
meshed fabric. 

Polyethylene or polypropylene fibers (140 cm 
long, 10-200 mm thick) were inradiated under a nitro- 
gen atmosphere using an Electrocurtain^ electron 
accelerator, operating at 175 keV, to a total dose of 
200 kGy. The Irradiated fibers were immediately Im- 
mersed in a neat styrene monomer solution, which 
was purged with nitrogen in advance for at least 30 
minutes. The grafting reactions were performed at 
ambient temperature and after stopping the reaction, 
the fibers were washed with chloroform to remove 
any monomer or homopolymer present Sulfonation of 
these fibers were then performed with 97 % H2SO4 at 
a temperature between 75 '^'C and 95 ^'C and with re- 
action times varying from 30 minutes to 6 hours. Be- 
fore the fibers were Introduced to the sulfonation ves- 
sel they were swelled in chloroform or dichloroelhane 
for a few minutes. After washing with water and con- 
ditioning with 1 M hydrochloric acid, the fibers were 
titrated with 0.1 M NaOH solution to determine the ca- 
pacity of sulfonic groups on the fiber. Depending on 



the extent of grafting and the sulfonation time the ca- 
pacity of these sulfonated fibers varied from 0.5 to 5.5 
mekv/g fiber. Finally these fibers were encompassed 
In a non-grafted polyethylene or polypropylene non- 
5 woven fabric according to Figures 1 to 3. 

Example 18 

Preparation of fiber felts from grafted polypropylene 
10 or polyethylene fibers by utilizing a wet-laid non-wov- 
en technique. 

Grafted polyethylene or polypropylene fibers 
were prepared In accordance with Examples 1 6 or 1 7. 
The fibers were then cut Into lengths of 1 0 to 40 mm 
15 and made into a web by utilizing a wet-laid non-woven 
technique. The formed fibrous web could then be en- 
compassed into a non-grafted polyethylene or poly- 
propylene non-woven fabric according to Figures 1 to 
3. 

20 

Example 19 

Preparation of multilayer fiber felts from grafted poly- 
propylene or polyethylene fibers by utilizing a wet- 

25 laid non-woven technique. 

Grafted polyethylene or polypropylene fibers 
were prepared in accordance with Examples 16 or 17. 
The fibers were then cutted to lengths of 10-40 mm 
and made Into a web by utilizing a wet-laid non-woven 

30 technique. The multilayer structure was formed by si- 
multaneously applying different fiber mixtures onto 
the web on the wet-laid pilot machine. By utilizing fib- 
ers with different degrees of grafting, layers with dif- 
ferent physical and chemical properties could be ob- 

35 talned. The formed multilayer fibrous web was then fi- 
nally encompassed into a non-grafted polyethylene 
or polypropylene non-woven fabric according to Fig- 
ures 1 to 3. 

40 Example 20 

Preparation of a mechanically strong multilayer fi- 
brous web from grafted fibers by utilizing a wet-laid 
non- woven technique. 

45 Grafted polyethylene or polypropylene fibers 

were prepared in accordance with Example 16 or 17. 
The grafted fibers were then cutted to lengths of 10 
to 40 mm and made into a web by utilizing a wet-laid 
non-woven technique. The multilayer structure was 

50 formed by simultaneously applying different fiber 
mixtures onto the web on the wet-laid pilot machine. 
By using grafted fibers together with non-treated bi- 
component fibers with a high-melting core and a low- 
melting surface, layers with different physical and 

55 chemical properties could be obtained. The formed 
multilayer fibrous web was then point melted together 
with utilizing a non-woven fabrication technique, thus 
forming a mechanically strong and flexible web. By 
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applying a thin layer of the bi-component fiber on fc>oth 
sides of the web and then point melting this layer to- 
gether as in normal non-woven fabric preparation, a 
polymer support was obtained and which have the 
same physical appearance as a support prepared ac- 
cording to Figures 1 to 3. 

Example 21 

Preparation of vinylbenzylchloride grafted polyethy- 
lene or polypropylene fibers, amidization of these, 
and finally forming these f unctionallzed fibers into a 
fibrous polymer support. 

Polyethylene or polypropylene fibers (140 cm 
long, 1 0-200 mm thick) were irradiated under a nitro- 
gen atmosphere using an Electrocurtain^ electron 
accelerator, operating at 1 75 keV, to a total dose of 
200 kGy. The irradiated fibers were immediately im- 
mersed in a neat vinylbenzylchloride monomer solu- 
tion, which was purged with nitrogen in advance for 
at least 30 minutes. The grafting reactions were per- 
formed at ambient temperature. Different graft copo- 
lymers were obtained by varying the reaction time 
and the extent of grafting was calculated as weight in- 
crease of the sample. Washing was done with chloro- 
form to remove any monomer or homopolymer and 
then dried to stable weight before the weight increase 
was calculated. The degree of grafting could also be 
determined with FTIR-spectroscopy using a calibra- 
tion curve and a curve fit program. The vinylbenzyl- 
chloride was then derivatized with trimethylamine in 
30 % aqueous monomer solution at ambient temper- 
ature, thus forming a polymer support with strong 
anionic groups attached to it. Finally the grafted and 
derivatized fibers were encompassed in a non-graft- 
ed polyethylene or polypropylene non-woven fabric 
according to figures 1 to 3 or then they could be 
formed into a web in accordance with examples 18 to 
20. 

Example 22 

Hydrogenation of soija oils with a polymer supported 
palladium catalyst. 

The polymer supported palladium catalyst was 
prepared in accordance with Examples 5 and 7. The 
ratio catalyst to amount of double bonds in the sotja 
oil was determined to 1:125. The hydrogen ations 
were done in a Parr reactor at a pressure of 5 bar and 
a reaction temperature of 1 20 ''C. The progress of the 
hydrogenation was calculated from the hydrogen 
consumption vs. time, and the amount of residual 
double bonds in the oil was detenmined from chroma- 
tographs. The catalyst was reused 6 times and no de- 
activation of the catalyst could be detected. 



Example 23 

Preparation of a polymer supported epoxidizing cat- 
alyst. 

5 Polyethylene or polypropylene fibers (140 cm 

long, 1 0-200 mm thick) were irradiated under a nitro- 
gen atmosphere using an Electrocurtaln'^ electron 
accelerator, operating at 175 keV. to a total dose of 
200 kGy. The irradiated fibers were immediately im- 

10 mersed in a neat 4-vinyl pyridine monomer solution, 
which was purged with nitrogen In advance for at least 
30 minutes. The grafting reactions were performed at 
ambient temperature and after stopping the reaction, 
the fibers were washed with chloroform to remove 

15 any monomer or homopolymer present. The grafted 
fibers were then reacted with vanadyl sulfate at am- 
bient temperature for 20 hours. After stopping the re- 
action, the fibers were washed with water and ethanol 
and dried in vacuum. The efficiency of this catalyst 

20 was then studied with the epoxidation of cyclohex- 
ene. The amount of catalyst to amount of olefin was 
chosen to 0.5 % and the epoxidation reactions were 
done at 80 *=*C. The conversion of cyclohexene to cy- 
clohexeneoxide was followed by gas chromatography 

25 and was found to be 30 % after a reaction time of 15 
hours. Some cis- 1 ,2-cyclohexaned fol was also 
formed as a byproduct 

Example 24 

30 

Preparation of acryiic acid grafted polyethylene fib- 
ers and the subsequent encompassment of the graft- 
ed fibers in a meshed fabric to be used for ion-ex- 
change applications. 

35 Polyethylene fibers (140 cm long, 10 mm thick) 

were irradiated undera nitrogen atmosphere using an 
Electrocurtain^ electron accelerator, operating at 175 
keV, to a total dose of 200 kGy. The irradiated fibers 
were immediately immersed in a 20 w-% acrylic acid 

40 aqueous solution, which was purged with nitrogen in 
advance for at least 30 minutes. The grafting reac- 
tions were performed at ambient temperature. Differ- 
ent graft copolymers were obtained by varying the re- 
action time and the extent of grafting was calculated 

45 as weight increase of the sample. Washing was done 
with water to remove any monomer or homopolymer 
and then dried to stable weight before the weight in- 
crease was calculated. Finally the grafted fibers were 
cut down to lengths of 10 - 40 mm and encompassed 

50 in a non-grafted polyethylene non-woven fabric ac- 
cording to Figures 1 to 3. 

The fibrous material (Polyethylene grafted with 
513 % acryiic acid) was then conditioned with a so- 
dium hydroxide solution to obtain the weak acid ion- 

55 exchanger. The ion-exchange kinetics of this material 
was then studied as a function of time in a batch ex- 
periment using 0.15 eq/dm^ Cu(N03)2 and compared 
this material with a commercially available Dowex 
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MWC-1 in Na^ form. The kinetics for the fibrous ma- 
terial was found to be almost a hundred times faster 
than for the Dowex MWC-1 resin. 



Claims 

1. A polymer support with highly accessible reactive 
groups onto which desired functional groups or 
metals can be attached, said polymer support 
comprising a polymer material which is grafted 
with reactive groups suitable to bind the function- 
al group or metal to be attached characterized in 
that the polymer material is encompassed in a 
bag made of meshed fabric which is tight enough 
to essentially prevent polymer material from com- 
ing out of the bag. 

2. The polymer support according to claim 1 char- 
acterized in that the polymer material is a fibrous 
material. 

3. The polymer support according to claim 2 char- 
acterized in that the fibrous polymer material is 
formed into a felt or non-woven fabric. 

4. The polymer support according to claim 3 char- 
acterized in that the fibrous polymer material is 
formed into one or several layers where the the 
inner layer has a higher degree of reactive groups 
than the outer layers. 

5. The polymer support according to claim 4 char- 
acterized in that the outer layers consist solely of 
polymer material with no grafted reactive groups. 

6. The polymer support according to claim 4 char- 
acterized in that the outer layers consist to a high 
degree or solely of organic bicomponent fibers. 

7. The polymer support according to claim 4 char- 
acterized in that the fiber layers first have been 
tied together in a wet-laid process before they 
have been encompassed in the bag. 

8. The polymer support according to daim 7 char- 
acterized in that the fiber layers have been proc- 
essed into a continuous web. 

9. The polymer support according to claim 1 char- 
acterized In that the polymer material is a polyo- 
tef in or a fluorine containing polyolef in. 

10. The polymer support according to claim 9 char- 
acterized in that the polymer material is an a- 
polyolefin. 

11. The polymer support according to daim 9 char- 



acterized in that the polymer material is a homo- 
or copolymer of ethylene or propylene or of a flu- 
orine containing monomer. 

5 12. The polymer support according to daim 1 char- 
acterized in that the reactive group is a double 
bond containing substance. 

13. The polymer support according to claim 12 char- 
10 acterized in that the reactive group is a com- 
pound selected from a group of monomers con- 
sisting of a carboxylic acid, acryiate, acrylamide, 
vinylpyridine, phosphonic acid and a styrene der- 
ivative. 

15 

14. The polymer support according to daim 1 char- 
acterized in that the meshed fabric is a non-wov- 
en fabric based on an organic polymer. 

20 1 5. A f unctionalized polymer support characterized 
in that a functional group is attached to the reac- 
tive group of the polymer support according to 
anyone of claims 1 to 14. 

25 16. A functional ized polymer support characterized 

in that a metal Is attached to the reactive group 
of the polymer support according to any one of 
claims 1 to 14. 

30 17. A f unctionalized polymer support characterized 
in that a metal selected from the group consisting 
of palladium and ruthenium is attached to the re- 
active group of the polymer support according to 
any one of claims 1 to 14. 

35 

18. A f unctionalized polymer support characterized 
in that a desired reagent is attached to the reac- 
tive group of the polymer support according to 
any one of daims 1 to 14. 

40 

19. A product useful as intermediate in the prepara- 
tion of a polymer support according to any one of 
the claims 1 to 14 characterized in that it com- 
prises a polymer material to which can be grafted 

45 reactive groups suitable for attaching functional 

groups or metals, said polymer material being en- 
compassed in a bag made of meshed fabric which 
is tight enough to essentially prevent the polymer 
material from coming out from the bag. 

50 

20. A product according to claim 19 characterized in 
that the polymer material is a felt of a polyolef in 
encompassed in a bag consisting of a non-woven 
fabric of an organic polymer. 

55 

21. A process for the preparation of a f unctionalized 
polymer support comprising the steps of 

a) exposing the polymer material to radiation 
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in an inert atmospliere, 

b) immersing the irradiated polymer material 
In a monomer or aqueous monomer solution 
of compounds selected from the gnDup con- 
sisting of a carboxylic acid, acryfate. acryla- 5 
mide, vinyl pyridine, phosphonic acid and a 
styrene derivative; 

c) separating the resulting graft copolymer 
obtained in step b). and 

d) functionalizing the product separated in io 
step c) with a reagent useful to load a desired 
functional group or metal to the polymer sup- 
port characterized in that the polymer mate- 
rial is encapsulated into a shell of a meshed 
fabric to form a closed bag either is 
i) before the polymer material is exposed to ra- 
diation in an inert atmosphere, or 

tl) after the separation according to step c) 
above, or 

lii) after the functionalizing according to step 20 
d) above. 

22. The process according to claim 21 characterized 
in that the polymer material is a fibrous material 
formed Into a felt or non-woven fabric before it Is 25 
exposed to radiation. 

23. The process according to claim 21 characterized 
in that the polymer material is a polyolef In or a flu- 
orine containing polyolef in. 30 

24. The process according to claim 23 characterized 
in that the polymer material Is an a-polyolef In. 

25. The process according to claim 24 characterized 35 
in that the polymer material is a homo- or copoly- 
mer of ethylene or propylene or of a fluorine con- 
taining monomer. 

26. The process according to claim 21 characterized 40 
in that the meshed fabric is a non-woven fabric 
based on an organic polymer. 

27. The process according to claim 21 characterized 

in that the functionalizing is carried out with a re- 45 
agent useful to load a metal or a desired reagent 
to the polymer support. 

28. The process according to claim 21 characterized 

in that the polymer material is encapsulated into 50 
a shell of a meshed fabric to form a closed bag be- 
fore the polymer material is exposed to radiation 
in an inert atmosphere. 

29. The process according to claim 21 characterized 55 
in that the polymer material is encapsulated into 

a shell of a meshed fabric to form a closed bag af- 
ter the separation according to step c). 
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